Strains of Pseudomonas and Achromobacter spp. isolated from soil, utilized quinic acid as a sole source of carbon. Protocatechuic acid was produced as an intermediate in this oxidation. Protocatechuic acid was also produced in the course of oxidation of p-hydroxybenzoic acid by these organisms. Sequential induction experiments indicate that p-hydroxybenzoic acid is not an intermediate in quinic acid oxidation by the organisms used.
Quinic acid ozidation 331 desired agar was added to 1.5 yo (w/v) . The final pH value of the medium was 7.2 0.05.
Organisms for manometric experiments were grown on mineral salts agar containing 0.3% (w/v) of the appropriate carbon source. Six Kolle flasks, each containing 50 ml. of agar medium, were inoculated with 1.0 ml. each of a 24 hr. liquid culture of the organism used. After 24 hr. of incubation a t room temperature, the growth in each flask was washed off with 20ml. ~/ 2 5 phosphate buffer (pH7.38). An equal volume of buffer was added to the pooled washings, the organisms deposited by centrifugation a t 5 O , and washed twice in buffer and resuspended in 15 ml. buffer. Before use, dry-weight determinations of organisms in the suspensions were made and the suspensions adjusted to contain 1 *O mg. bacterial-N/ml.
The Warburg apparatus was used in the conventional manner to measure oxygen uptake (Umbreit, Burris & Stauffer, 1957) . Each vessel was made up with 1.0 ml. buffer containing 3 pmole of substrate in the sidearm, 0.15 ml. of 20 % (w/v) KOH and a 2 cm. square of Whatman No. 42 filter-paper in the centre well, and 1.0 ml. of cell suspension and enough buffer to bring the volume to 3.0 ml. in the flask. All manometric experiments were run a t 30".
Analyses of ultraviolet (u.v.) absorption were made in a Cary Model 11 ultraviolet spectrophotometer, with buffer of 95 yo (v/v) 
RESULTS

Isolation of cultzlres
Flasks (1 1. Erlenmeyer) containing 200 ml. of medium were inoculated for enrichment of the desired organisms with 1 g. each of a garden soil. After 48 hr. of incubation at room temperature, a heavy growth of micro-organisms, predominantly fungal, was noted in all flasks. Subcultures were made by streaking plates of quinic acid agar with a loopful of liquid culture. Selection and subculture on the same medium yielded over 40 pure cultures capable of using quinic acid as a sole carbon source. About 2/5 of the cultures were moulds of the genera Penicillium and AspergiZZus. The bacteria isolated were Gram-negative rods, except for a few Gram-variable irregularly staining forms tentatively identified as Corynebacteriurn spp. The bacteria used were of three types, and a representative culture of each type was used in these studies.
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The characteristics of the representative cultures chosen for these studies are summarized in Table 1 .
Cultures A-5 and D-19 are members of the genus Pseudommas. A-5 closely resembles the type species P . aeruginosa, exuding a marked odour of trimethylamine, and is so designated; D-19 is not identical with any of the species reported in Bergey's Manual (1948) . Culture E-20 is apparently a member of the genus Achromobacter, and resembles the aromatic hydrocarbonattacking A. cycloclastes. , 1953) with an authentic sample of protocatechuic acid gave a deep green colour. Tests of the reaction of ferrous chloride with protocatechuic acid showed that the acid gave a purple colour with ferrous ion; the test medium in the tubes was prepared with ferrous chloride. The characteristic two-colour appearance of the tubes of culture A-5 could be duplicated in a solution of protocatechuic acid and ferrous chloride, the top of the tube becoming green on standing owing to oxidation of ferrous ion to the ferric state. Samples taken from Quiaic acid oxidation 333 48 hr. liquid medium tube cultures gave a green colour with ferric chloride, regardless of purple coloration in the tube.
In shaken flask experiments, 400 ml. portions of quinic acid liquid medium in 2800 ml. Fernbach flasks were inoculated with 25 ml. of 48 hr. liquid cultures of the organisms tested. After 24-48 hr. of shaking at room temperature the culture fluid took on a violet to purple colour, which persisted for an additional 18-24 hr. period. Samples of culture fluid taken during the period of colour formation gave green a colour with ferric chloride and had a U.V. absorption spectrum identical with that of an authentic sample of protocatechuic acid. Some scattering occasionally interfered with the spectrum but was dissipated by the addition of a drop of conc. HCI diluted with an equal volume of water to the absorption cell ( Fig. 1 ). Quinic acid gave no interfering absorption in the ultraviolet region. The production of protocatechuic acid by a washed suspension of organisms was determined as follows. Quinic acid (250 mg.) was dissolved in 25 ml. of ~/ 5 0 phosphate buffer (pH 7-38), in a 500 ml. Erlenmeyer flask and neutralized with 4 yo (wlv) aqueous KOH. One ml. of a solution containing 2.5 mg.
MgSO,/ml., and I0 ml. of a washed suspension of organisms equivalent to 1-0 mg. bacterial-N/d. were then added, and the volume was made up to 50 ml. with buffer. The final concentrations in this system were thus (mg./ml.) : quinic acid, 5 -0 ; MgSO,, 0-05; bacterial-N, 0.02. The flasks were prepared in duplicate and placed on the shaker at room temperature. Samples were taken a t 30min. intervals for ferric chloride tests and U.V. absorption spectra. Samples for U.V. spectra consisted of 1.0 ml. samples added to an equal volume of 1.2% (w/v) trichloroacetic acid. The samples were then diluted to 10.0 ml., centrifuged for 15 min., decanted, and diluted with distilled water as 
I&nti$cation of protocatechuic acid and production from p-hydroxyb~~oic m i d
In shaken-flask experiments with 0.3 % (w/v) p-hydroxybenzoic acid as carbon source, no intermediate was apparent by ferric chloride test or U.V. spectrum during incubation for 96 hr. In other experiments 150 ml. volumes of the same medium in 300 ml. Erlenmeyer flasks were inoculated with 1.0 ml. of p-hydroxybenzoic acid-grown liquid cultures of the three test organisms, and incubated at room temperature without shaking. Samples drawn from these flasks between 48 and 72 hr. of incubation gave a pale green colour with ferric chloride. The U.V. spectra of samples removed during the same period did not reveal the presence of protocatechuic acid. Protocatechuic acid was not identified in this case by U.V. spectra alone since p-hydroxybenzoic acid absorbs much more strongly in the U.V. region than protocatechuic acid;. its main absorption maximum is at 255 mp, and masks the protocatechuic acid maximum at 257 mp. Further experiments were carried out with triplicate sets of flasks for each test organism. One flask of each triplicate set was used at 48, 60 Quinic acid oxidation 335 10 min. After 72 hr. the three flasks from each test organism set were pooled and centrifuged. The supernatant fluids were acidified and extracted with 3 x 25 ml. portions of ether. The ether extracts were extracted with 2 x 20 ml. portions of 10 % (w/v) NaHCO, . The aqueous phases were acidified with hydrochloric acid (1 vol. conc. HC1+1 vol. water) and extracted with 2 x 25 ml. portions of ether and the ether then removed by warming under a stream of Warm nitrogen. Approximately 750 mg. of material was recovered in this manner from a triplicate set of flasks.
Ultraviolet spectra of the recovered material showed an absorption maximum a t 293 mp; the secondary maximum of protocatechuic acid appears a t this wavelength. The main peak in these spectra was a t 255 mp, characteristic of p-hydroxybenzoic acid. By assigning the 293 mp peak to protocatechuic acid, calculation showed the material to contain approximately 4.0 % protocatechuic acid. Infrared spectra of the materials did not reveal any bands other than those characteristic of p-hydroxybenzoic acid. Concentration of protocatechuic acid in this material was carried out by a differential solubility procedure. A 500 mg. portion of sample was treated with 3 ml. water and thoroughly mixed. The sample was centrifuged in the cold and the water removed by pipetting. The supernatant fluid was filtered, acidified with 1 drop of '1:l HC1' and extracted with two equal volumes of ether. The ether layer was removed and evaporated to dryness. One ml. of water was then added to the residue and the procedure repeated. The final residue was dissolved in 95 yo (v/v) ethanol in water and the ultraviolet spectrum determined. Spectra on these samples showed a definite absorption maximum a t 293 mp, from which a ratio of 35 yo protocatechuic acid : 65 yo p-hydroxybenzoic acid was calculated ; the actual values were 4-9 mg. p-hydroxybenzoic acid and 2-64 mg. protocatechuic acid (these figures are for culture E-20 fermentation).
Infrared spectra of the enriched samples of material were used to establish the identity of protocatechuic acid as a component of it. Spectra of the pure compounds were determined. Bands characteristic of protocatechuic acid, and distinct from those of p-hydroxybenzoic acid, appear a t 3.1, 6-55, 6.9,  7.25, 8.95, 10.63, 11.27 and 13.48 p. In the mixed samples distinct bands appeared at 3.1, 8.95, 10.63, 11.27 and 13-48 p ; the 6.55 band appeared as a shoulder. The bands a t 6.9 and 7.25 p were distinguishable as extra absorption in these regions, The infrared spectra of the samples were qualitatively identical with that of mixture of 35mg. of authentic protocatechuic acid with 65 mg. of p-hydroxybenzoic acid.
Manometric experiments
A series of experiments was conducted with organisms grown on media containing, respectively, quinic, protocatechuic and p-hydroxybenzoic acid, and the same acids as substrates. Non-induced organisms grown with asparagine as sole C source showed a definite lag period with the above compounds as substrates. 
Growth experiments
Tubes of quinic acid liquid medium were prepared, and tubes containing the same basal medium but with p-hydroxybenzoic or m-hydroxybenzoic acid as a source of carbon. Tubes of each medium were inoculated with one drop of a 24 hr, quinic acid liquid culture of each organism. All three organisms showed visible growth in the quinic and p-hydroxybenzoic acid media and subcultures showed continued growth through five transfers. No growth with m-hydroxybenzoic acid as carbon source was observed in any instance. 
DISCUSSION
Culture A-5 used in these studies closely resembles and may be considered a strain of Pseudomonas aeruginosa. Culture D-19, although bearing some resemblance to the hydrocarbon-attacking P. arvilla; is not identical with that organism; it apparently belongs to the non-proteolytic group of aromatic ring-attacking pseudomonads. Culture E-20 differs from Achromobacter cycloclastes in that it did not produce a pale buff pigment on agar slopes. It is doubtful whether species assignment for cultures D-19 and E-20 should be made on the basis of present data. The production of protocatechuic acid from quinic acid has been confirmed, the conversion being carried out by a wider range of bacteria than hitherto reported. Protocatechuic acid appears as an intermediate in the oxidative pathway, as evidenced by its eventual disappearance from shaken-flask cultures and washed suspensions, and by the fact that quinic acid-induced organisms (Fig. 4) oxidize the compound with no lag period. Protocatechuic indeed produced as an intermediate in p-hydroxybenzoic acid oxidation, the sequential induction experiments indicate that the compound is not an intermediate in quinic acid oxidation (Fig. 8 ) ; quinic acid-grown organisms showed a lag period before oxidizing p-hydroxybenzoic acid, but possessed the enzymes necessary to oxidize protocatechuic acid (Fig. 4) . The reaction series is the result of induced enzyme formation since protocatechuic acid-grown organisms do not possess the enzymes necessary to oxidize quinic acid (Fig. 6) , and asparagine-grown organisms do not possess the enzymes necessary to oxidize any of the compounds tested. It is interesting that aromatization of quinic acid occurs in a catabolic pathway, preceding ring splitting and terminal oxidation. Such a pathway would, however, provide a rapid yield of energy from the dehydrations and dehydrogenations necessary to affect such a transformation. Although quinic acid does not lie directly on the known aromatization pathway , it is known that an enzyme (quinic dehydrogenase) present in Aerobacter converts quinic to 5-dehydroquinic acid (Davis & Weiss, 1955) . It is likely that such an enzyme is present in the organisms under study here, although this has not been demonstrated. Aromatic intermediates which might arise from quinic acid before protocatechuic acid have thus far not been detected.
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